N iC l2(P P h3)2-catalyzed alkylative olefinations of trith io o rth o esters and tetra th io o rth o carbonates give the corresp o n d in g su b stitu ted alkenes. A liphatic C -S bonds in these su b strates can be activated in the nickel-catalyzed cross coupling reaction leading to c a rb o ncarbon bond form ation. This reaction can be considered as using trith io o rtho esters and te tra th io o rth o carb o n ate as R 3C 3+ and C4+ synthons.
Introduction
In the retrosynthetic approach, a c a r b o n -c a r bon bond can be disconnected into a carbon electrophile and a carbon nucleophile. The reactions of alkyl halides with a variety of carbanions is one of the m ost fundam ental chem ical processes leading to c a rb o n -c a rb o n bond form ation. In te r estingly, the use of p o ly h etero ato m su b stitu ted m ethanes R 4_"CX", w here n = 2 to 4, as polyelectrophilic centers has been lim ited. D irect displace m ent of these C -X bonds by a carbon nucleophile has been rare. It has been suggested th at a d e crease in Sn 2 (on carbon) reactivity should p a ra l lel an increase in the n u m b er of halogen atom s attached to the sam e carbon atom [1] . O th e r reac tions m ay take place instead. Taking a polyhalom ethane as an exam ple, m etal-halogen exchange or an electron tran sfer process w ould form an a-halo-substituted carbanion which readily u n dergoes a-elim ination to give a carb en e in term ed i ate [2] . Accordingly, a p o o r leaving group is d e sired such th at the a-elim in atio n step m ay be hindered. It is know n th at a-sulfur-substituted anions are relatively stable and no a-elim in atio n involving a C -S bond cleavage w ould occur le a d ing to the corresponding carb en e species [3] , H ow ever, the sulfur substitu ted organic substrates are R eprint requests to Prof. Dr. T.-Y. Luh. norm ally poor electrophiles and hence the reactiv ity of the c a rb o n -su lfu r bonds in the substitution reactions is in general relatively low. Indeed, the use of the dithioacetal group as the stable carbonyl protective group is w ell-docum ented [4] . W ith the aid of the nickel catalyst, we have extensively in vestigated the alkenation and gem inal dim ethylation of dithioacetals with G rignard reagents (eqs 1 and 2) [5] . In this regards, the dithioacetal group
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can be considered as a R R 'C 2+ synthon. A n a p p a r ent extension to these findings will be the study on similar reactions with trithio ortho esters and tetrathio o rtho carb on ates which may serve as R C 3+ and C4+ synthons, respectively. In this paper, we repo rt the scope and lim itation of the nickelcatalyzed alkylative alkenation of trith io o rth o esters and tetrath io orth o carb on ates [6] .
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A . Prototype cross coupling reactions o f benzylic trithioorthoesters
The starting trithioorthoesters 1 were obtained from the reaction of the anion of dithianes with [7] . T reatm ent of 1 w ith five equivalents of M eM gl in the presence of 5 m ol% of N iCl2(P Ph3) 2 u n d er reflux in b en zene-ether, T H F -ether, or benzene alone gave the corresponding coupling pro d u ct 2. Excess am ounts of the G rignard re agent was req u ired to achieve com pletion of the reaction. The results are sum m arized in Table I. A lth o u g h the aryl eth e r linkage is know n to react u n d er sim ilar conditions [8 ] , substrates containing such functionality rem ained intact th roughout this study. 
B. Synthesis o f 2-aryl-bis(l,3-trimethylsilyl)propenes
We have recently d em o n strated that the nickelcatalyzed reactions of M e3SiC H 2MgCl with benzylic dithioacetals provide a pow erful synthesis of various allyl and vinyl silanes [9] . B ased on this strategy and the reactions described in Table I , we felt th at the reaction of trith io o rth o esters 1 with the corresponding silyl-substituted m ethyl G rig nard reagents un d er sim ilar conditions would fur nish a convenient synthesis of bissilanes 3 having b oth allyl and vinyl silane functionalities. It is interesting to note that bissilanes 3 have been show n to serve as a dianion synthon 4 in synthesis [10] . H ow ever, 3 can norm ally be obtained via a m ultistep synthesis requiring starting m aterials which are not easily accessible [11] . Thus, treat- The results are outlined in Table II . The (E )-and (Z )-isom ers of 3 w ere separated by prep arativ e H PLC . The stereochem ical assign m ents w ere based on the N M R data. The vinylic M e3Si group of the (E )-isom ers absorbed at higher field ((5 -0 .1 8 to -0 .0 9 ), whilst th at of the (Z )-isom ers ap p eared at low er field (<5 0 .1 2 -0 .2 1 ). N O E experim ents also su p p o rted these assign ments. A lthough the reaction gave poor ste re o selectivity, it is notew orthy th at fu rth e r reactions of 3 with electrophiles give the sam e products ir respective of the stereochem istry of the starting 3 [10] .
C. Reactions o f aliphatic trithioorthoesters
T here have been increasing interests in the tra n sition-m etal-catalyzed cross coupling reactions of aliphatic C -X bonds with G rignard reagents [12. 13] . We have recently uncovered several useful procedures to facilitate the cross coupling reac tions of aliphatic dithioacetals by m eans of tandem reactions and chelation assisted activation of the aliphatic C -S bonds [13] . The key to the success of these reactions relies, in ter alia, on the ability to undergo the facile oxidative addition of the C -X bond with the m etal catalyst and a rapid fol low-up coupling process. Simple aliphatic dithio-acetals are unreactive u n d er various cross coupling conditions. A lternatively, since the C -X bond energy decreases with the increasing n u m b er of such bonds attached to this carbon atom , we felt that the cross coupling reactions of R C X 3 and C X 4 could take place leading to the form ation of car b o n -c a rb o n bonds.
T able III. N iC l2(P P h 3)2-catalyzed reaction o f 10 with G rig n ard reagents. T reatm ent of 5 a with M eM gl in the presence of 6 m ol% of NiCl2(P P h 3) 2 gave a 2:1 m ixture of 6 and 7. The isolation of both isom ers suggested th at the form ation of the c a rb o n -c a rb o n b ond p re cedes the /3-hydride elim ination which is consistent with our earlier observations with benzylic and allylic dithioacetals [5] . In a sim ilar m anner, the reaction of 5 b w ith B uM gB r under sim ilar con ditions afforded 8 a in good yield. A sym m etric interm ediate 9 is proposed.
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D. Reactions with tetrathioorthocarbonate
H aving been successful in alkylative olefination of aliphatic orthothioesters, an obvious extension will be to investigate the reaction b eh av io u r of the tetrathioo rth o carb o n ates. To the best of o u r knowledge, replacem ent of all four C -X bonds by C -C bonds in one pot, i.e. considering CX 4 as a C4+ synthon, has not been explored. The lithium m etal-prom oted substitution of halogens of C X 4 (X = Cl or Br) by silyl group has been rep o rted [14] . T etrath io o rth o carb o n ate 10 has been know n for tw o decades, but its chem istry is lim ited [15] . Thus, 10 was trea te d with an excess am ount of the G rignard reagent in the presence of 5 m ol% of N iCl2(P P h 3) 2 in refluxing benzene-ether to give alkene 11. The results are shown in Table III . Sterically hindered alkene 8 b as well as tris-silylsubstituted isobutenes 8 c and 8d were obtained conveniently.
E. M echanism
A lthough the actual m ode of the reactions has n o t been established, the overall process for tri thio o rth o esters and tetrath io o rth o carb o n ates in volved consecutive replacem ent of C -S bonds by C -C bonds and the last C -S bond undergoes a form al elim ination process to give the alkenes. A c cordingly, a m echanism sim ilar to that proposed for the nickel-catalyzed alkenation of benzylic or allylic dithioacetals may also be true for the reac tions of 1, 5, and 11 [5] . It is interesting to note th at trea tm en t of 11 with PhM gB r un d er the same conditions gave triphenylm ethane 12 in 60% yield. W hen the sam e reaction m ixture was quenched with D 20 , no deuterium incorporation was o b served in 12. Presum ably, the successive in troduc tion of the three phenyl groups may occur to give in term ediate 13. Since there is no /3-hydrogen available for elim ination, hom olytic cleavage of the c a rb o n -n ic k e l bond may occur leading to hy drogen abstraction from the solvent to give 12.
The reaction of 10 with ferf-BuMgCl u nder sim i lar conditions afforded 14 in 42% yield. In this regard, only one of the c a rb o n -su lfu r bond is re placed by the G rignard reagent and the second T hese results indicated th at the cross coupling reactio n occurs sequentially, and a dithioacetal should be the interm ediate for the overall process. It is n otew orthy th at simple aliphatic dithioacetals are in ert u n d er these conditions [5] . The high reac tivity of 5 and 11 in these coupling reactions is som ew hat striking. We have previously d em o n strated th at the nickel-catalyzed cross coupling re actions of dithioacetals proceeded via a cascade process [5] . In o th er words, as soon as the first c a rb o n -s u lfu r bond is activated, the following steps involving the reactions of the rem aining car b o n -s u lfu r bonds w ould occur facilely. P resum ably, b efore the active species is liberated from a reductive elim ination process, oxidative addition across one of the rem aining C -S bond occurs facilely.
Conclusion
In sum m ary, we have dem o n strated the u n p re ced en ted exam ples of using trith io o rth o esters and tetra th io o rth o c a rb o n a te s as the R 3C 3+ and C4+ synthons to synthesize various substituted alkenes. O ur results also indicated that aliphatic C -S bonds in these substrates can be activated in the nickel-catalyzed cross coupling reaction. M ass spectral data (MS) were obtained on a Finnigan T S Q -'6 C m ass spectrom eter or a JE O L JMS-H X 110 mass spectrom eter. Preparative G L C was o p erated on a H itachi-G C-3000 instrum ent using 20% SE 30 colum n.
G eneral procedure fo r the preparation o f trithioorthoester
A ccording to the literature procedure [16] , the dithiane anion, prep ared from the corresponding dithiane and B uLi (1.2equiv.) in T H F at -7 8 °C, was tre ated with M e2S2 (2 equiv.) at -7 8 °C and the m ixture was allowed to warm to room tem p era tu re and stirred for an additional 30 min. The solution was po u red into aq. N aO H solution (0.05 M) and extracted with C H 2C12 three times. The com bined organic layers w ere w ashed with N a H C 0 3 (5% ), w ater and brine, and then dried (M g S 0 4). The solvent was evaporated in vacuo and the residue was chrom atographed on silica gel using hexane as eluent to give the desired tri thioorthoester.
-(l-N aphthyl)-2-thiom ethoxy-l,3-dithiane ( la )
A ccording to the general procedure, 2-(l-naphth yl)-l,3-dithiane (0.74 g, 3.0 m m ol) was treated w ith B uLi (2.30 ml, 3.8 mm ol) followed with M e2S2 (0.6 ml, 6.7 m m ol) to give l a (0.71 g, 82% ) as w hite solid; m .p. 
C15H I6S3 (292)
Calcd C 61.60 H 5 .5 1 % , Found C 61.51 H 5.33% .
2-(2-N aphthyl)-2-thiom ethoxy-l,3-dithiane (1 b)
A ccording to the general procedure, 2-(2-naphthyl)-l,3-dithiane (0.74 g, 3.0 m m ol) was treated with B uLi (2.5 ml, 4.0 m m ol) followed with M e2S2 (0. 
Ci5H i 6S3 (292)
Calcd C 61.60 H 5 .5 1 % , Found C 61.60 H 5 .3 8 % . 
2-(4-M ethylphenyl)-2-thiom ethoxy-l,3-dithiane ( lc )
A
Ci2H i 6S3 (256)
Calcd C 56.21 H 6.29% , Found C 56.52 H 6 .1 2 % .
2-(4-M ethoxyphenyl)-2-thiom ethoxy-l,3-dithiane (Id )
A ccording to the general p rocedure, 2-(4-m ethoxyphenyl)-l,3-dithiane (1.14 g, 5.04 m m ol), was treated with BuLi (3. 
2-(3,4-D im ethoxyphenyl)-2-thiom ethoxy-1,3-dithiane ( l e )
A ccording to the g eneral p rocedure, 2- 
General procedure fo r the reaction o f 1 or 5 or 10
with the Grignard reagent U n d er nitrogen atm osphere, a solution of 1 or 5 or 10 was tre ated with N iCl2(P P h 3) 2 (5 -1 0 m ol% ) and the G rignard reagent (5 equiv.). The greenish m ixture was allow ed to reflux for 1 6 -3 6 h. A fter being cooled to room tem perature, satu rated am m onium chloride solution was added and the m ixture was extracted th ree tim es with ether. The com bined organic layers w ere w ashed with aqueous N aO H (5% ) twice, w ater and brine, and then dried over anhydrous m agnesium sulfate. The solvent was evaporated in vacuo and the residue was chrom atographed on silica gel to give the alkylative olefination product. 
Reaction o f l a with M eM gl
Reaction o f l a with M e3S iC H 2M gCl
A ccording to the general procedure, a solution of l a (293 mg, 1.00 m m ol), NiCl2(P P h3) 2 (37 mg. 0.06 m m ol) and M e3SiC H 2MgCl (1.9 ml. 5.3 m m ol) in benzene to give 3a (269 mg, 8 
Reaction o f 10 with cyclohexylm agnesium brom ide
A ccording to the general procedure, a benzene solution (20 ml) of 10 (429 mg, 2.0 m m ol), N iC l2(P P h3) 2 (65 mg, O .lm m ol) and C6H n M gBr (6.0 ml, 2.0 M in E t20 , 12 m m ol) was heated u nder reflux for 16 h to give 11 (294 mg, 56% ) [26] .
Reaction o f 10 with M e3C C H 2M gB r
A ccording to the general procedure, a benzene solution (20 ml) of 10 (434 mg, 2.0 m m ol), N iC l2(P P h3) 2 (67 mg, 0.1 m m ol) and M e3C C H 2M gBr (6.0 ml, 2.0 M in E t20 , 12 m m ol) was h eated u nder reflux for 16 h to give 8 b (74 mg, 75% ) [27] , Reaction o f 10 with P hM gB r A ccording to the general procedure, a benzene solution (20 ml) of 10 (429 mg, 2.0 mmol). N iC l2(P P h 3) 2 (6 8 mg, 0.1 m m ol) and PhM gBr (12.0 ml, 1.0 M in E t20 , 12.0 m m ol) was heated u n d er reflux for 24 h to give 12 (296 mg, 60% ) which exhibited identical physical properties as those of the authentic sam ple.
Reaction o f 10 with M e3C M gC l
A ccording to the general procedure, a benzene solution (20 ml) of 10 (418 mg, 2.0 mmol), N iC l2(P P h 3) 2 (65 mg, 0.1 m m ol) and M e3CMgCl (12.0 ml, 1.0 M in THF, 12.0 m m ol) was heated un d er reflux for 36 h to give 14 (145 mg, 42% ) [28] .
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